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(57) ABSTRACT

A method and apparatus for converting single multiphase
fluid flow 1nto plural multiphase fluid flows having substan-
tially uniform composition and flow properties. A manifold
comprises an enclosure having an inlet and an inner surface
perpendicular to the inlet such that the incident angle of
mput flow 1mpacts the surface to form a stagnation point
whereby an intermediate flow 1s deflected along the surface
substantially symmetrically outward from the stagnation
point and channeled to a plurality of parallel fluid outlets
connected to the enclosure. The distance between the stag-
nation point and the plurality of outlets 1s selected to
maintain substantially equivalent fluid pressures and uni-
form flow rates at the outlets. A preferred embodiment of the
manifold channels the intermediate flow between two walls
forming a triangular shaped nozzle directing the flow from
the stagnation point to the base of the triangle for commu-
nication of electrolyte to a metal-based fuel cell through the
plurality of outlets.

32 Claims, 7 Drawing Sheets
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1
MANIFOLD FOR FUEL CELL SYSTEM

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 10/072,856, filed Oct. 19, 2001 now

U.S. Pat. No. 6,679,280, which 1s hereby fully incorporated
by reference herein as though set forth 1n full.

RELATED APPLICATIONS

This application 1s related to U.S. patent application Ser.
No. 09/930,557, entitled “POWER SYSTEM INCLUDING

HEAT REMOVAL UNIT FOR PROVIDING BACKUP
POWER TO ONE OR MORE LOADS,” filed Aug. 15,
2001; U.S. patent application Ser. No. 09/930,394, entitled
“METAL FUEL CELL SYSTEM FOR PROVIDING
BACKUP POWER TO ONE OR MORE LOADS,” filed
Aug. 15, 2001; U.S. Provisional Application No. 60/318,
685, entitled “ULTRA-LONG DURATION BACKUP FOR
CRITICAL APPLICATIONS USING ZINC/AIR REGEN-
ERATIVE FUEL CELLS,” filed Sep. 10, 2001; U.S. Provi-
sional Application No. 60/328,838, entitled “ULTRA-
LONG DURATION BACKUP FOR
TELECOMMUNICATIONS APPLICATIONS USING
ZINC/AIR REGENERATIVE FUEL CELLS,” filed Oct. 11,
2001, U.S. patent application Serial No. 09/973,490, entitled
“METHODS OF PRODUCING OXYGEN REDUCTION
CATALYST,” filed Oct. 9, 2001; U.S. patent application Ser.
No. 10/060,965, enfitled “RECIRCULATING ANODE,”
filed Oct. 19, 2001; U.S. patent application Ser. No. 10/066,
544, entitled “FUEL CELL SYSTEM,” filed Oct. 19, 2001;
U.S. patent application Ser. No. 10/058,231, entitled
“METHODS OF USING FUEL CELL SYSTEM CONFIG-
URED TO PROVIDE POWER TO ONE OR MORE
LOADS,” filed Oct. 19, 2001; and U.S. patent application
Ser. No. 10/050,901, entitled “POLYMER COMPOSITES,
CATHODES, AND SYSTEMS THEREOEL,” filed Oct. 19,
2001. Each of these applications 1s hereby fully incorporated
by reference herein as though set forth 1n full.

1. Field of the Invention

This i1nvention relates generally to fluid flow 1n a
manifold, and more particularly, to the conversion of single
channel multiphase fluid flow 1nto multi-channel multiphase
flows having uniform flow properties.

2. Related Art

Fluid manifolds have a variety of useful industrial
applications, some of the more common being fuel supply
and exhaust systems for internal combustion engines. These
are typical examples of systems using manifolds to channel
single phase fluids, such as liquid fuel or gaseous exhaust.
Manifolds are also used for communicating multiphase
fluids, which consist of two or more components having
different phases, e.g. a mixture of liquid and solid particles.
One application for multiphase manifolds 1s 1n metal-based
fuel cells, where fuel 1in the form of metal particles is
entrained 1n a flow of electrolyte solution, and delivered via
a channel to a cell or combination of cells from which
electricity 1s derived by means of oxidation reduction.

A manifold for dividing a single fluid flow into two flow
paths can be defined 1n simplistic form by a single tubular
pipe connected to a T coupling. Provided that there are no
variations 1n pipe diameter or other obstructions, fluid flow
directed through the tubular pipe splits into two essentially
equal parts at the T intersection. The point of abrupt obstruc-
tion where the fluid impacts the wall of the T coupling
creates a stagnation point where the fluid velocity 1s zero.
The geometry of the T coupling directs the fluid flow
radially outward from stagnation point at right angles from
the direction of incident flow.
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By using a combination of T couplings, a single mnput flow
can be split 1n successive stages to create any number of
multiple output flows. However, one skilled in the art will
readily recognize the geometric complexity that this tech-
nique 1ntroduces into the system after the second stage. Such
complexity 1s not practical for use 1n a metal/air fuel cell,
which requires a more compact arrangement of parallel flow
paths 1n order to integrate the manifold within a portable
stacked cell design. More conventional fluid manifolds, such
as those used 1n fuel supply systems of internal combustion
engines, are designed for communication of single phase
fluids. The geometries of these manifolds are typically
customized to interface with their particular engine systems,
and as a result, may include branch lines that assume various
asymmetrical or complex shapes. Multiphase fluid flow
through such a manifold will typically produce undesirable
variations 1n the fluid concentration and/or flow rate of the
dispersed phase of the multiphase fluid. Due to differences
in the length, there can be differences in the pressure drops
at the individual branches. The differences in pressure drops
can cause differences in flow rates (e.g., velocities), and thus
can result 1n differences in the flow rates of the dispersed
phase. Further, these differences 1 flow rates can result 1n
different drag forces, and thus can result in different con-
centrations of the dispersed phase.

Thus, there 1s presently a need for an improved manifold
that can provide uniform flow properties for multiphase fluid
flow through a plurality of parallel outlet channels.
Moreover, the manifold should be sufficiently compact in
design to facilitate imntegration within a stacked fuel cell.

SUMMARY

In one aspect, the present mvention 1s directed to a novel
method for converting a single channel fluid flow 1nto
multiple channels of fluid flow having substantially uniform
flow properties. The invention is particularly directed for use
in multiphase fluid systems that require preservation of
dispersed phase concentration and or flow rate.

In one aspect, the invention pertains to methods of con-
verting a single tlow of a multiphase fluid 1nto a plurality of
separate channeled flows each having substantially the same
pressure at the inlet of its channel. Typically, such methods
comprise impacting the single flow against a surface to form
a stagnation point and a plurality of intermediate flows
radiating outward from the stagnation point, and directing at
least a portion of this plurality of intermediate flows across
a predetermined distance from the stagnation point to form
the first plurality of separate channeled flows. Generally, this
predetermined distance 1s selected from a range of distances
that produce substantially 1identical pressures at each of the
channel inlets.

In another aspect, the invention pertains to methods of
forming a plurality of separate flows of a multiphase tluid
cach having substantially the same tlow rate. Typically, such
methods comprise impacting a single flow of the multiphase
fluid against a surface so as to form a stagnation point and
the plurality of separate flows radiating outward from the
stagnation point. Consistent with this impact, the separate
flows generally each have substantially the same flow rate.

In a further aspect, the invention pertains to methods of
forming a plurality of separate channeled flows of a mul-
tiphase fluid from a plurality of intermediate flows, each
separate channeled flow having substantially the same pres-
sure at the inlet of its channel. Typically, such methods
comprise directing at least a portion of the plurality of
intermediate flows across a predetermined distance from a
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stagnation point to a plurality of channels to form the first
plurality of separate channeled flows. Generally, this prede-
termined distance 1s selected from the range of distances that
produce substantially identical pressures at each of the
channel inlets.

In an additional aspect, the invention pertains to apparatus
comprising a means for converting a single flow of a
multiphase fluid into a plurality of separate channeled flows
of the multiphase fluid. Typically, such apparatus comprise
means for converting the single flow into the plurality of
separate channeled flows such that one or more of the
following conditions are met: (1) each of the separate chan-
neled tlows has substantially the same pressure at the inlet
of its channel, (ii) each of the separate channeled flows is
formed from at least a portion of a plurality of intermediate
flows directed 1n a direction substantially perpendicular to
the direction of the single flow, and (ii1) each of the separate
channeled flows 1s formed from at least a portion of the
plurality of intermediate flows formed by impacting the
single flow onto a surface of the apparatus to form a
stagnation point.

All of the aspects presented above may be suitable for
many applications, mcluding without limitation 1ncorpora-

fion 1n a manifold for operation 1n a fuel cell subsystem
and/or a fuel cell and/or an internal combustion engine.

In another aspect, the 1nvention pertains to novel mani-
folds. In one embodiment, such manifolds comprise an
enclosure comprising a surface, a multiphase fluid inlet, and
a plurality of multiphase fluid outlets. Generally, the surface
of the manifold is characterized in that 1t 1s capable of
impacting a single flow of the multiphase fluid directed from
the multiphase fluid inlet to the surface 1n a flow direction
substantially perpendicular to the surface, wherein said
impacting forms a stagnation point from which radiate
outward a plurality of flows of multiphase fluid, and direct-
ing at least a portion of the resulting plurality of flows to the
plurality of multiphase fluid outlets. Usually, the manifold 1s
further characterized 1n that the average distance between
the stagnation point and the plurality of multiphase fluid
outlets 1s a predetermined distance selected from the range
of distances that provide that each of the plurality of tlows
has substantially the same pressure at the beginning of its
associated multiphase fluid outlet.

In another embodiment, such manifolds comprise appa-
ratus comprising a means for converting a single flow of a
multiphase fluid 1nto a plurality of separate channeled tlows
of the multiphase fluid, in accordance with the invention.

In a further aspect, the invention pertains to novel fuel cell
subsystems. Typically, these fuel cell subsystems comprise
at least one manifold in accordance with the invention.
These fuel cell subsystems can be suitable for many
applications, including without limitation use 1n a fuel cell
and/or use to test operability of various fuel cell compo-
nents.

In an additional aspect, the mvention pertains to novel
fuel cells. Typically, these fuel cells comprise at least one
manifold 1n accordance with the invention. These fuel cells
can be suitable for many applications, including without
limitation use in supplying power to load(s).

In another aspect, the invention pertains to novel internal
combustion engines. Typically, these internal combustion
engines comprise at least one manifold 1n accordance with
the 1nvention.

In a further aspect, the invention pertains to use of
invention methods 1n suitable systems. Exemplary suitable
systems mnclude without limitation fuel cell subsystems, fuel
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cells, mternal combustion engines, and the like, and suitable
combinations of any two or more thereof. In any such
system, the mnvention assists in the uniform delivery of each
of the components of a single flow of a single or multiphase
fluid to a plurality of destinations to which uniform delivery
of at least one of the components 1s desired.

Other systems, methods, features and advantages of the
invention will be or will become apparent to one with skill
in the art upon examination of the following figures and
detailed description. It 1s intended that all such additional
systems, methods, features and advantages be included
within this description, be within the scope of the 1nvention,
and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the invention. In the figures, like reference numer-
als designate corresponding parts throughout the different
VIEWS.

FIG. 1 1s a block diagram of a metal fuel cell.

FIG. 2a 1s a top view of an embodiment of a manifold
according to the invention.

FIG. 2b 1s a side view of the embodiment of FIG. 2a.

FIG. 2c¢ 1s a plan view of a variant of the embodiment of
FIGS. 2a-2b.

FIG. 3 1s a top view of a variant of the embodiment of
FIG. 2a.

FIG. 4a 1s a plan view of an alternate embodiment of the
fluid inlet portion of a manifold according to the invention.

FIG. 4b 1s a top view of the embodiment of FIG. 4a.

FIGS. 5a4-5b are side views of an embodiment of a

manifold according to the invention 1in which the fluid inlet
portion thereof employs a diffuser.

FIG. 6 1s a flow diagram of an embodiment of a method
of operation according to the mvention.

DETAILED DESCRIPTION

In one aspect, the invention pertains to novel methods of
converting a single flow of a multiphase fluid into a plurality
of separate channeled flows each having substantially the
same pressure at the inlet of its channel.

As utilized herein, the term “flow” includes without
limitation laminar or non-laminar motion or circulation with
unbroken continuity, and/or the related direction of such
motion or circulation, as applicable.

As employed herein, the term “fluid” includes without
limitation any substance that is capable of flowing, such as
without limitation gases, liquids (e.g., fine or micro
droplet(s), vaporized liquid, and the like), and certain solid
forms (e.g., microparticles, and the like), and suitable com-
binations thereof, as well as mixed phase substances, with
exemplary fluids including without limitation aqueous sub-
stances (¢.g., any water-based or solvated fluid) and organic
substances (1.€., any non-water based or solvated fluid).

As utilized here, the term “multiphase fluid” includes
without limitation any fluid comprising two or more com-
ponents having different phases. These different phases can
occur within the same class of component (e.g., liquid
component with two phases, one aqueous (e.g., water) and
one organic (e.g., oil), and the like), or across different
classes of components (e.g., solid particles in a liquid or gas,
gaseous bubbles 1n a liquid or solid particle stream, liquid
droplets 1n a gas or solid particle stream, and the like, and
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suitable combinations thereof). Suitable multiphase fluids
contemplated for use 1n accordance with the invention
include without limitation two or more different phases
within a liquid, solid or gaseous component fluid, solid
component/liquid component fluids (e.g., metal (e.g., zinc)
particles 1n a carrier solution (e.g., KOH solution), and the
like), solid component/gas component fluids, liquid
component/gas component fluids (e.g., gaseous bubbles in a
liquid carrier (e.g., hydrogen gas in a hydrocarbon (e.g., oil)
liquid), liquid droplets in a gaseous carrier (e.g., refined
gasoline liquid droplets in an oxygen-rich (e.g., air) gas),
and the like, and suitable combinations thereof), and the like,
and suitable combinations of any two or more thereof.

a2

As employed herein, the term “separate channeled flow
includes without limitation any flow whose movement oft
the axis of flow direction and/or whose contact with other
flows 1s constrained by the motion of the flow and/or by a
suitable barrier. Suitable barriers include without limitation
channels, tunnels, hoses, walled supports, troughs, any
enclosure that can operate to both contain the fluid flow and
to constrain its movement off the axis of fluid flow (i.e.,
either directly (e.g., via some barrier, wall, other surface, or
the like, or suitable combinations thereof) or indirectly (e.g.,
via use of a suitable constraining force (e.g., gravity, cen-
tripetal force, or the like, or suitable combinations thereof),
and the like, and suitable combinations thereof.

Typically, the channel of each separate channeled flow 1s
defined by the shape and/or dimensions of the suitable
barrier, and each such channel has both an inlet (i.e., the
structure or opening through which the fluid flows 1nto the
channel) and an outlet (i.e., the structure or opening through
which the fluid flows out of the channel). In one
embodiment, the channels can be aligned with the radial
direction of the plurality of flows emanating from the
stagnation point, as described below.

As ufilized herein, the term “substantially the same”
comprises any deviation upward or downward, if any, from
the value modified by between about 0% and about 20% of
such value.

Invention methods of converting a single flow of a
multiphase fluid into a plurality of separate channeled tlows
typically comprise impacting the single flow against a
surface so as to form a stagnation point and a plurality of
intermediate flows radiating outward and substantially sym-
metrically from the stagnation point, and directing at least a
portion of this plurality of intermediate flows across a
predetermined distance from the stagnation point to a plu-
rality of channels to form the plurality of separate channeled
flows.

As employed herein, the term “substantially symmetrical”
denotes a degree of distribution of a deflected flow resulting
from the flow 1mpacting a surface at a generally perpen-
dicular angle.

As employed herein, the term “generally perpendicular™
means an angle of incidence between the direction of fluid
flow and the impacted surface, or between the direction of
two different fluid flows, 1in the range(s) from about 80 to
about 90 degrees.

As employed herein, the term “impacting” includes with-
out limitation directing the flow to a surface at the velocity
of the flow and at a predetermined angle of 1impact to the
surface. Typically, flow superficial velocities vary in the
range(s) from about 0.1 m/s to about 10 m/s though flow
superiicial velocities can be larger than this. Typical super-
ficial velocities are calculated by taking the flow rate of the
fluid divided by the cross sectional area of the flow channel,
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assuming that the entire cross sectional area 1s available to
conduct the fluid, 1.e. the flow channel 1s unobstructed.

Suitable surfaces include without limitation flat planes,
cones, prisms, and other shapes that define a planar sym-
metry that 1s axial to the single flow that impacts the surface
at a stagnation point. Generally, the material comprising the
surface 1s suiliciently stiff to not substantially distort the
surface under the impact of the single flow at the stagnation
point.

As employed herein, “stagnation point” includes without
limitation that point at/on the surface on which the primary
flow 1s impacted at which the velocity of the multiphase fluid
is mathematically zero (as determined by solving suitable
flow equations and optionally assuming a single phase
fluid).

As utilized herein, “radiating outward” includes without
limitation those lines of motion that move about radially and
about linearly outward from the stagnation point, and asso-
clated motion along those lines of motion.

As employed herein, “directing” includes without limita-
tion changing the direction of motion of the flow of a fluid.
Exemplary such directing can occur either directly (e.g., via
impact on a surface, or the like) or indirectly (e.g., via
change in a pressure field of the associated fluid, or the like).
Suitable structures that can be utilized to direct at least a
portion of the plurality of tlows generated on 1impacting the
primary flow at the stagnation point include without limi-
tation all shapes that circumscribe the stagnation point and
the two outermost channels of the separate channeled flows,
and that connect the general area of the stagnation point with
cach of the two outermost channels of the separate chan-
neled flows 1 a substantially linear fashion.

Suitable predetermined distances can generally be in the
range(s) of distances that provide that each of the separate
channeled flows has substantially the same pressure at the
inlet of 1ts channel, or alternatively, that each of the separate
channeled flows has equivalent composition (e.g. dispersed
phase concentration) and/or flow rate. Generally, these pre-
determined distances can be selected to be not so large that
the streamlines of the plurality of flows do not substantially
distort, and to be not so small that the outer channels of the
plurality of channels do not receive substantially straight
streamlines of the outer channel-directed plurality of flows.
Suitable tools exist to permit those of skill in the art to
calculate a rough approximation of suitable ranges for these
predetermined distances, based on the constraints set forth
above. In one, non-limiting example, a theoretical range of
predetermined distances can be calculated by assuming that
the single flow of multiphase fluid 1s actually a single phase,
and then inputting geometric variables (e.g. the number of
channels required, channel width, and channel baffles width)
and flow variables (e.g., viscosity of single phase, density of
single phase, superficial velocity of the fluid downstream of
the stagnation point, and direction of the channels
downstream) into an appropriate computational modeling,
tool (e.g., Fluent software, Fluent, Inc., Lebanon, N.H.). An
exemplary determination of this predetermined distance is
set forth 1n Example 1.

In an additional aspect, the mnvention pertains to fuel cell
subsystems. As utilized herein, “fuel cell subsystems™
include without limitation systems comprising manifold(s)
in an amount in the range(s) from about 1 to about 100, each
independently prepared in accordance with the invention,
and one or more other components of a fuel cell. These
components include without limitation cathode(s) (e.g., the
cathode found in the application referenced above), anode(s)
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(e.g., the recirculating anode found 1n the application refer-
enced above), separator(s), electrolyte, pellet delivery/
feeding, cell stack, cell frame, cooling mechanism, air
management mechanism, optional fuel regenerator,
clectronics/control system, and the like, and suitable com-
binations of any two or more thereof. Although these fuel
cell subsystems can comprise manifold(s) according to the
invention, the specific number and/or types of manifold(s)
can be varied depending on the intended use or application
of the fuel cell subsystem. Thus, for use 1n fuel cells and use
to test operability of various fuel cell components, these fuel
cell subsystems can vary as discussed above, and, 1n one
non-limiting example, can comprise at least one manifold
comprising an inlet for a single flow of a multiphase fluid to
an enclosure having at least one inner surface substantially
perpendicular to the incident inlet flow, and a triangular
nozzle for directing, between two channel walls, the inter-
mediate flow that expands radially outward from the stag-
nation point to the inlets of nine separate rectangular chan-
nels.

In this disclosure, the phrases “output channel” and “fluid
outlet” are used synonymously.
Introduction to Fuel Cells

A block diagram of a fuel cell 1s 1llustrated in FIG. 1. As
illustrated, the fuel cell comprises a power source 10, an
optional reaction product storage unit 22, an optional regen-
eration unit 14, a fuel storage unit 16, and an optional second
reactant storage umit 18. The power source 10 1n turn
comprises one or more cells each having a cell body defining
a cell cavity, with an anode and cathode situated 1n each cell
cavity. The cells can be coupled 1n parallel or series. In one
implementation, they are coupled 1n series to form a cell
stack.

The anodes within the cell cavities 1n power source 10
comprise the fuel stored in fuel storage unit 16. Within the
cell cavities of power source 10, an electrochemical reaction
takes place whereby the anode releases electrons, and forms
one or more reaction products. Through this process, the
anodes are gradually consumed.

The released electrons flow through a load to the cathode,
where they react with one or more second reactants from an
optional second reactant storage unit 18 or from some other
source. This flow of electrons through the load gives rise to
an overpotential (i.e., work) required to drive the demanded
current, which overpotential acts to decrease the theoretical
voltage between the anode and the cathode. This theoretical
voltage arises due to the difference 1n electrochemical poten-
tial between the anode (Zn potential of —-1.215V versus
standard hydrogen electrode (SHE) reference at open
circuit) and cathode (O, potential of +0.401V versus SHE
reference at open circuit). When the cells are combined in
series, the sum of the voltages for the cells forms the output
of the power source.

The one or more reaction products can then be provided
to optional reaction product storage unit 12 or to some other
destination. The one or more reaction products, from unit 12
or some other source, can then be provided to optional
regeneration unit 14, which regenerates fuel and/or one or
more ol the second reactants from the one or more reaction
products. The regenerated fuel can then be provided to fuel
storage unit 16, and/or the regenerated one or more second
reactants can then be provided to optional second reactant
storage unit 18 or to some other destination. As an alterna-
five to regenerating the fuel from the reaction product using
the optional regeneration unit 14, the fuel can be inserted
into the system from an external source and the reaction
product can be withdrawn from the system.
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The optional reaction product storage unit 12 comprises a
unit that can store the reaction product. Exemplary reaction
product storage units include without limitation one or more
tanks, one or more sponges, one or more containers, one or
more vats, one or more barrels, one or more vessels, and the
like, and suitable combinations of any two or more thereof.
Optionally, the optional reaction product storage unit 12 1s
detachably attached to the system.

The optional regeneration unit 14 comprises a unit that
can electrolyze the reaction product(s) back into fuel (e.g.,
hydrogen, metal particles and/or metal-coated particles, and
the like) and/or second reactant (e.g., air, oxygen, hydrogen
peroxide, other oxidizing agents, and the like, and suitable
combinations of any two or more thereof. Exemplary regen-
eration units include without limitation water electrolyzers
(which regenerate an exemplary second reactant (oxygen)
and/or fuel (hydrogen) by electrolyzing water), metal (e.g.,
zinc) electrolyzers (which regenerate a fuel (e.g., zinc) and
a second reactant (e.g., oxygen) by electrolyzing a reaction
product (e.g., zinc oxide (ZnO)), and the like. Exemplary
metal electrolyzers include without limitation fluidized bed
clectrolyzers, spouted bed electrolyzers, and the like, and
suitable combinations of two or more thereof. The power
source 10 can optionally function as the optional regenera-
tion unit 14 by operating 1n reverse, thereby foregoing the
neced for a regeneration unit 14 separate from the power
source 10. Optionally, the optional regeneration unit 14 1is
detachably attached to the system.

The fuel storage unit 16 comprises a unit that can store the
fuel (e.g., for metal fuel cells, metal (or metal-coated)
particles or liquid born metal (or metal-coated) particles or
suitable combinations thereof, for hydrogen fuel cells,
hydrogen or hydrogen containing compounds that can be
reformed into a usable fuel prior to consumption). Exem-
plary fuel storage units include without limitation one or
more tanks (for example, without limitation, a high-pressure
tank for gaseous fuel (e.g., hydrogen gas), a cryogenic tank
for liquid fuel which is a gas at operating temperature (e.g.,
room temperature) (e.g., liquid hydrogen), a metal-hydride-
filled tank for holding hydrogen, a carbon-nanotube-filled
tank for storing hydrogen, a plastic tank for holding potas-
sium hydroxide (KOH) and metal (e.g., zinc (Zn), other
metals, and the like) particles, and the like), one or more
sponges, one or more containers (€.g., a plastic container for
holding dry metal (¢.g., zinc (Zn), other metals, and the like)
particles, and the like), one or more vats, one or more
barrels, one or more vessels, and the like, and suitable
combinations of any two or more thereof. Optionally, the
fuel storage unit 16 1s detachably attached to the system.

The optional second reactant storage unit 18 comprises a
unit that can store the second reactant. Exemplary second
reactant storage units include without limitation one or more
tanks (for example, without limitation, a high-pressure tank
for gaseous second reactant (e.g., oXygen gas), a cryogenic
tank for liquid second reactant (e.g., liquid oxygen) which is
a gas at operating temperature (e.g., room temperature), a
tank for a second reactant which 1s a liquid or solid at
operating temperature (e.g., room temperature), and the
like), one or more sponges, one or more containers, one or
more vats, one or more barrels, one or more vessels, and the
like, and suitable combinations of any two or more thereof.
Optionally, the optional second reactant storage unit 28 1s
detachably attached to the system.

In one embodiment, the fuel cell 1s a metal fuel cell. The
fuel of a metal fuel cell 1s a metal that can be 1n a form to
facilitate entry into the cell cavities of the power source 10.
For example, the fuel can be in the form of metal (or
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metal-coated) particles or liquid born metal (or metal-
coated) particles or suitable combinations thereof. Exem-
plary metals for the metal (or metal-coated) particles include
without limitation zinc, aluminum, lithium, magnesium,
iron, and the like.

In this embodiment, when the fuel 1s optionally already
present 1in the anode of the cell cavities in power source 10
prior to activating the fuel cell, the fuel cell 1s pre-charged,
and can start-up significantly faster than when there 1s no
fuel 1n the cell cavities and/or can run for a time in the
range(s) from about 0.001 minutes to about 100 minutes
without additional fuel being moved 1nto the cell cavities.
The amount of time which the fuel cell can run on a
pre-charge of fuel within the cell cavities can vary with,
among other factors, the pressurization of the fuel within the
cell cavities, and alternative embodiments of this aspect of
the 1nvention permit such amount of time to be in the
range(s) from about 1 second to about 100 minutes or more,
and in the range(s) from about 30 seconds to about 100
minutes or more.

Moreover, the second reactant optionally can be present in
the fuel cell and pre-pressurized to any pressure in the
range(s) from about 0.01 psi gauge pressure to about 200 psi
gauge pressure prior to a an outage sense time after the
controller sensing the power outage condition to facilitate
the fuel cell’s start-up 1n a timeframe significantly faster
than when there 1s no second reactant present and no
pre-pressurization in the fuel cell prior to the optional
controller sensing the power outage condition. Optionally,
the one or more second reactants are present 1n the power
source 20 at a time prior to an outage sense time, which
outage sense time is in the range(s) from about 10 micro-
seconds to about 10 seconds after the controller has sensed
outage of primary power to the one or more loads system.
Optionally, this time 1s also after the controller has sensed
outage of primary power to the one or more loads.

Moreover, 1n this embodiment, one optional aspect pro-
vides that the volumes of one or both of the fuel storage unit
16 and the optional second reactant storage unit 18 can be
independently changed as required to independently vary the
energy of the system from its power, 1n view of the require-
ments of the system. Suitable such volumes can be calcu-
lated by utilizing, among other factors, the energy density of
the system, the energy requirements of the one or more loads
of the system, and the time requirements for the one or more
loads of the system. In one embodiment, these volumes can
vary in the range(s) from about 0.001 liters to about 1,000,
000 Iiters.

In one aspect of this embodiment, at least one of, and
optionally all of, the metal fuel cell(s) is a zinc fuel cell in
which the fuel 1s 1n the form of fluid borne zinc particles
immersed in a potassium hydroxide (KOH) electrolytic
reaction solution, and the anodes within the cell cavities are
particulate anodes formed of the zinc particles. In this
embodiment, the reaction products can be the zincate 1on,
Zn(OH),>~, or zinc oxide, ZnO.

In this embodiment, the one or more second reactants can
be an oxidant (for example, oxygen (taken alone, or in any
organic or aqueous (e.g., water-containing) fluid (for
example and without limitation, liquid or gas (e.g., air)),
hydrogen peroxide, and the like, and suitable combinations
of any two or more thereof). When the second reactant is
oxygen, the oxygen can be provided from the ambient air (in
which case the optional second reactant storage unit 18 can
be excluded), or from the second reactant storage unit 18.
Similarly, when the second reactant 1s oxygen 1n water, the
water can be provided from the second reactant storage unit

10

15

20

25

30

35

40

45

50

55

60

65

10

18, or from some other source, €.g., tap water (in which case
the optional second reactant storage unit 18 can be
excluded). In order to replenish the cathode, to deliver
second reactant(s) to the cathodic area, and to facilitate ion
exchange between the anodes and cathodes, a flow of the
second reactant(s) can be maintained through a portion of
the cells. This flow optionally can be maintained through
one or more pumps (not shown in FIG. 1), blowers or the
like, or through some other means.

In this embodiment, the particulate anodes are gradually
consumed through electrochemical dissolution. In order to
replenish the anodes, to deliver KOH to the anodes, and to
facilitate 10n exchange between the anodes and cathodes, a
recirculating flow of the fuel borne zinc particles can be
maintained through the cell cavities. This flow can be
maintained through one or more pumps (not shown) or
through some other means. As the potassium hydroxide
contacts the zinc anodes, the following reaction takes place
at the anodes:

Zn+40OH —Zn(OH),* +2e” (1)

The two released electrons flow through a load to the
cathode where the following reaction takes place:

1 B B (2)
502 +2¢ + H,O = 20H

The reaction product is the zincate ion, Zn(OH),>~, which is
soluble 1n the reaction solution KOH. The overall reaction
which occurs in the cell cavities 1s the combination of the
two reactions (1) and (2). This combined reaction can be
expressed as follows:

1 3
/n+20H + 502 + H,O - Zn(OH); )

Alternatively, the zincate ion, Zn(OH),>", can be allowed
to precipitate to zinc oxide, ZnO, a second reaction product,
in accordance with the following reaction:

Zn(OH),*—ZnO+H,0+20H" (4)

In this case, the overall reaction which occurs in the cell
cavities 1s the combination of the three reactions (1), (2), and
(4). This overall reaction can be expressed as follows:

1 (9)
/n + EOZ — /n0O

Under real world conditions, the reactions (4) or (5) yield
an open-circuit voltage potential of about 1.4V. For addi-
tional information on this embodiment of a zinc/air battery,
the reader 1s referred to U.S. Pat. Nos. 5,952,117; 6,153,329;
and 6,162,555, which are hereby incorporated by reference
herein as though set forth 1n full.

The reaction product Zn(OH),>~, and also possibly ZnO,
can be provided to reaction product storage unit 12. Optional
regeneration unit 14 can then reprocess these reaction prod-
ucts to yield oxygen, which can be released to the ambient
air or stored 1 second reactant storage unit 28, and zinc
particles, which are provided to fuel storage unit 16. In
addition, the optional regeneration unit 14 can yield water,
which can be discharged through a drain or stored 1n second
reactant storage unit 18. It can also regenerate hydroxide,
OH™, which can be discharged or combined with potassium
to yield the potassium hydroxide reaction solution.
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The regeneration of the zincate 10n, Zn(OH)f‘, 1nto zing,
and one or more second reactants can occur according to the
following overall reaction:

1 6
Zo(OH)]” — Zn+ 20H +H;0 + 50 ©)

The regeneration of zinc oxide, ZnO, into zinc, and one or
more second reactants can occur according to the following
overall reaction:

1 (7)
/n0O — /Zn+ EOZ

It should be appreciated that embodiments of metal fuel
cells other than zinc fuel cells or the particular form of zinc
fuel cell described above are possible for use in a system
according to the imvention. For example, aluminum fuel
cells, lithrum fuel cells, magnesium fuel cells, 1ron fuel cells,
and the like are possible, as are metal fuel cells where the
fuel 1s not 1n particulate form but in another form such as
sheets or ribbons or strings or slabs or plates. Embodiments
are also possible in which the fuel 1s not fluud borne or
continuously recirculated through the cell cavities (e.g.,
porous plates of fuel, ribbons of fuel being cycled past a
reaction zone, and the like). It is also possible to avoid an
clectrolytic reaction solution altogether or at least employ
reaction solutions besides potassium hydroxide, for
example, without limitation, sodium hydroxide, 1mnorganic
alkalis, alkali or alkaline earth metal hydroxides. See, for
example, U.S. Pat. No. 5,958,210, the entire contents of
which are incorporated herein by this reference. It 1s also
possible to employ metal fuel cells that output AC power
rather than DC power using an inverter, a voltage converter,
and the like.

In a second embodiment of a fuel cell, the fuel used 1n the
clectrochemical reaction that occurs within the cells 1is
hydrogen (e.g., derived from hydrogen for alkali-based fuel
cell, and methanol/ethanol for acid-based fuel cell), the
second reactant 1s oxygen, and the reaction product 1s water.
In one aspect, the hydrogen fuel 1s maintained in the fuel
storage unit 16, but the second reactant storage unit 18 can
be omitted and the oxygen used in the electrochemical
reaction within the cells can be taken from the ambient air.
In another aspect, the hydrogen fuel 1s maintained in the fuel
storage unit 16, and the oxygen 1s maintained 1n the second
reactant storage unit 18. In addition, the optional reaction
product storage unit 12 can be included or omitted, and the
water resulting from discharge of the unit stmply discarded
or stored in the reaction product storage unit 12 (if present),
respectively. Later, the optional regeneration unit 14 can
regenerate water from another source, such as tap water, or
from the reaction product storage unit 12 (if present) into
hydrogen and oxygen. The hydrogen can then be stored 1n
fuel storage unit 12, and the oxygen simply released 1nto the
ambient air or maintained 1n the second reactant storage unit
18.

In a third embodiment of a fuel cell, a metal fuel cell
system 1s provided that has one, or any suitable combination
of two or more, of the following properties: the system
optionally can be configured to not utilize or produce
significant quantities of flammable fuel or product, respec-
tively; the system can provide backup power to the one or
more loads for an amount of time limited only by the amount
of fuel present (e.g., in the range(s) from about 0.01 hours
to about 10,000 hours or more, and in the range(s) from
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about 0.5 hours to about 650 hours, or more); the system
optionally can be configured to have an energy density 1n the
range(s) from about 35 Watt-hours per kilogram of com-
bined fuel and electrolyte added to about 400 Watt-hours per
kilogram of combined fuel and electrolyte added; the system
optionally can further comprise an energy requirement and
can be configured such that the combined volume of fuel and
electrolyte added to the system is in the range(s) from about
0.0028 L per Watt-hour of the system’s energy requirement
to about 0.025 L per Watt-hour of the system’s energy
requirement, and this energy requirement can be calculated
in view of, among other factors, the energy requirement(s)
of the one or more load(s) comprising the system (In one
embodiment, the energy requirement of the system can be 1n
the range(s) from 50 Watt-hours to about 500,000 Waltt-
hours, whereas 1n another embodiment, the energy require-
ment of the system can be in the range(s) from 5 Watt-hours
to about 50,000,000 Watt-hours); the system optionally can
be confligured to have a fuel storage unit that can store fuel
at an internal pressure in the range(s) from about—>5 pounds
per square inch (psi) gauge pressure to about 200 psi gauge
pressure.

An advantage of fuel cells relative to traditional power
sources such as lead acid batteries 1s that they can provide
longer term backup power more efficiently and compactly.
This advantage stems from the ability to continuously refuel
the fuel cells using fuel stored with the fuel cell, from some
other source, and/or regenerated from reaction products by
the optional regeneration unit 14. In the case of the zinc fuel
cell, for example, the duration of time over which energy can
be provided 1s limited only by the amount of fuel which 1s
mnitially provided in the fuel storage unit, which 1s fed into
the system during replacement of a fuel storage unit 16,
and/or which can be regenerated from the reaction products
that are produced. Thus, the system, comprising at least one
fuel cell that comprises an optional regeneration unit 14
and/or a replaceable fuel storage unit 16, can provide backup
power to the one or more loads for a time in the range(s)
from about 0.01 hours to about 10000 hours, or even more.
In one aspect of this embodiment, the system can provide
back-up power to the one or more loads for a time 1n the
range(s) from about 0.5 hours to about 650 hours, or even
more. Moreover, a system can optionally be configured to
expel substantially no reaction product(s) outside of the
system (e.g., into the environment).

Although fuel cells in accordance with the invention
comprise manifold(s) according to the invention, the specific
number and/or types of manifold(s) can be varied depending
on the intended use or application of the fuel cell. Fuel cells
may be customized according to the desired load being
serviced. For example, such loads include, without
limitation, lawn & garden equipment; radios; telephone;
targeting equipment; battery rechargers; laptops; communi-
cations devices; sensors; night vision equipment; camping
equipment (including without limitation, stoves, lanterns,
lights, and the like); lights; vehicles (including without
limitation, cars, recreational vehicles, trucks, boats, ferries,
motorcycles, motorized scooters, forklifts, golf carts,
lawnmowers, industrial carts, passenger carts (airport), lug-
gage handling equipment (airports), airplanes, lighter than
air crafts (e.g., blimps, dirigibles, and the like), hovercrafts,
trains (e.g., locomotives, and the like), and submarines
(manned and unmanned); torpedoes; security systems; elec-
trical energy storage devices for renewable energy sources
(e.g., solar-based, tidal-based, hydro-based, wind-based, and
the like); many other types of electrical devices, equipment
for which a primary and/or backup power source 1s neces-
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sary or desirable to enable the equipment to function for its
intended purpose, military-usable variants of above, and the
like; and suitable combinations of any two or more thereof.
The fuel cells can vary as discussed above, and, in one
non-limiting example, can comprise at least one manifold
comprising as many as nine separate outlet channels.

As utilized herein, the term “about” comprises any devia-
fion upward or downward from the value modified by
“about” by between 0.01% and 20% of such value.

As employed herein, the term “in the range(s)” or
“between” comprises the range defined by the values listed
after the term “in the range(s)” or “between”, as well as any
and all subranges contained within such range, where each
such subrange 1s defined as, having as a first endpoint any
value 1n such range, and as a second endpoint any value in
such range that 1s greater than the first endpoint and that 1s
in such range.

Embodiments of the Invention

A first embodiment of a manifold according to the mnven-
tion 1s illustrated 1n FIGS. 24 and 2b, with FIG. 2a being a
top view, and FIG. 2b being a side view.

The manifold converts a first flow 210 of a multiphase
fluid to a plurality of separate channeled flows 212a, 212b,
212¢. The first flow has a direction, identified by numeral
216. The manifold comprises a supporting member for
supporting a surtace 222 oriented substantially perpendicu-
larly to the direction 216 of the first flow. In one
embodiment, the supporting member 1s an enclosure.

A fluid inlet 202 directs the first flow 210 along the flow
direction 216, and 1mpacts the first flow against the surface
222, wherein the first flow radiates outwardly from a point
of 1mpact 204 to form one or more intermediate flows 2144,
214b, and 214c.

The manifold further comprises a plurality of fluid outlets
218a, 218b, 218¢ (which are also referred to herein as
“output channels™) for receiving the one or more interme-
diate flows 214a, 214b, 214c, and forming the separate
channeled flows 212a, 2125, 212c¢.

The fluid outlets 218a, 218b, 218¢ have inlet portions
220a, 2200, 220c¢ for receiving at least a portion of the one
or more Intermediate flows 214a, 214bH, 214¢. In one
embodiment, the distance D between the impact point 204
and the 1nlet portions 220a, 2205, 220¢ determines, at least
in part, the uniformity of the intermediate flows 214a, 2145,
214c¢ at the time they reach the inlet portions 220a, 2200,
220c¢ of the fluid outlets 218a, 218b, 218c. If this distance 1s
too short, excessive turbulence caused by the 1impact of the
first flow against the surface 222 could result in the inter-
mediate flows being non-uniform at these inlet portions. If
this distance 1s too long, the intermediate flows could spread
out 1n a parabolic or other like pattern, again resulting in
these intermediate flows being non-uniform at these inlet
portions. Therefore, 1n this embodiment, the distance D
should be set appropriately to ensure that the intermediate
flows are substantially uniform at the inlet portions 2204,
2200, 220c of the fluid outlets 218a, 218H, 218¢. The
appropriate setting of the distance D 1s highly-application
dependent, but 1n one example wherein the manifold 1s used
to deliver fluid borne zinc particles to fuel cells, described 1n
more detail below, an appropriate setting of this parameter
1s about 1 inch.

Moreover, as illustrated 1n FIG. 2a, the distance D may
vary with the output channel, but 1t should be appreciated
that embodiments are possible in which this distance 1is
substantially constant. If the distance varies with the output
channel, 1t may be appropriate to predetermine the average
distance to achieve substantial uniformity of the intermedi-
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ate tlows at the inlet portions 220a, 2205, 220c¢ of the fluid
outlets 218a, 218b, 218c. If this distance 1s constant or
substantially constant, 1t may be appropriate to simply
predetermine this distance.

In one embodiment, the distance between the point of

impact 204 and the inlet portions 220a, 22056, 220c¢ of the
fluid outlets 218a, 218b, 218¢ 1s predetermined such that the
separate channeled flows 212a, 212b, 212¢ have substan-
tially equal composition. In one implementation, where the
multi-phase fluild comprises a plurality of fluid-borne
particles, the distance 1s predetermined such that the separate
channeled flows have substantially equal particle concen-
tration.

In another embodiment, the distance between the point of

impact 204 and the inlet portions 220a, 22056, 220c¢ of the
fluid outlets 218a, 218b, 218¢ 1s predetermined such that the
separate channeled flows 212a, 212b, 212¢ have substan-
tially equal velocity.

In a third embodiment, the distance between the point of
impact 204 and the inlet portions 220a, 22056, 220c¢ of the

fluid outlets 218a, 218b, 218¢ 1s predetermined such that the
separate channeled flows 212a, 212b, 212¢ have substan-
tially equal tlow rates. In one implementation, the maximum
flow rate variation between any two of the fluid outlets does
not exceed about two percent.

In a fourth embodiment, the distance between the point of
impact 204 and the inlet portions 220a, 22056, 220c¢ of the
fluid outlets 218a, 218b, 218¢ 1s predetermined such that the
fluid outlets 218a, 218b, 218¢ have substantially equal mlet
pressures. In one 1implementation, the maximum inlet pres-
sure variation between any two of the fluid outlets does not
exceed about two percent.

In one embodiment, the orientation of the surface 222
relative to the direction 216 of the first flow also 1impacts the
uniformity of the intermediate flows at the inlet portions of
the output channels. In one configuration, the extent to
which the direction 216 of the first flow 210 1s generally
perpendicular to the surface 222 determines, at least 1n part,
the uniformity of the intermediate flows at the inlet portions
220a, 2200, 220c. In this configuration, the more this
direction deviates from being generally perpendicular to the
surface 222, the greater the non-uniformity of the interme-
diate flows, and the more this direction conforms to being
generally perpendicular to the surface 222, the greater the
uniformity of the intermediate flows. Therefore, 1n this
conilguration, the direction 216 of the flow 210 should be
ogenerally perpendicular to the surface 222 to ensure that the
intermediate flows are substantially uniform at the inlet
portions 220a, 220b, 220c of the fluid outlets 218a, 2185,
218c. In one implementation, the angle of incidence between
the direction 216 of the first flow and the surface 222 1is
between about 80 and 90 degrees.

In one application, the manifold of FIGS. 2a and 2b 1s
employed to deliver a multi-phase fluid, such as a fluid borne
particulate fuel and reaction solution, to the individual cells
of a fuel cell, fuel cell system, or electrochemical power
system. In this application, the outlet portions 224a, 224b,
224c of the fluid outlets 2184, 2185, 218¢c may respectively
be coupled to separate ones of the individual cells of a tuel
cell, fuel cell system, or electrochemical power source for
delivering the multi-phase fluid to the individual cells.

In another application, the manifold 1s employed to
deliver a multi-phase fluid to the individual cylinders of an
internal combustion engine. In this application, the outlet
portions 224a, 224b, 224c¢ of the fuel outlets 218a, 2185,
218c¢ are respectively coupled to separate ones of the indi-
vidual cylinders of the internal combustion engine for deliv-
ering the multi-phase fluid to the individual cylinders.
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The direction 216 of the first flow 1n relation to the
supporting member comprising the manifold may deviate
from that illustrated in FIGS. 2a-2b. FIG. 2c 1llustrates an
embodiment 1n which, compared to FIGS. 2a-2b, the first
flow 210 impinges upon the manifold from its underside
rather than from above as illustrated 1n FIGS. 2a-2b.

It 1s also possible to vary the shape of the output channels
218a, 218b, 218¢ from that 1llustrated 1n FIGS. 2a-2b. FIG.
3 1llustrates a variant of the embodiment of FIGS. 24 and 2b
in which the fluid outlets 218a, 218b, 218¢ are each 90°
elbowed conduits rather than the more gradually angled
conduits 1llustrated 1in FIG. 2a. Also, the cross-section of the
conduits need not be square or rectangular, but can be other
shapes as well, including round, circular, or elliptical shapes.

In one embodiment, the manifold 200 includes one or
more 1ntermediate channels for directing the one or more
intermediate flows 214a, 214b, and 214¢ from the point of
impact 204 to the inlet portions 220a, 2205, 220c¢ of the fluid
outlets 218a, 218b, 218¢. In one 1implementation, 1llustrated
in FIG. 2a, the intermediate channel 1s a V-shaped section
formed by the walls 206, 208 extending along the surface
222 outwards a base 234 formed by the intersection of the
fluid inlet 202 with the surface 222. This V-shaped inter-
mediate channel directs the intermediate flows extending

radially outwardly from the point of impact 204 to the inlet
portions 220a, 220b, 220c of the fluid outlets 218a, 2185,

218c.

In another embodiment, illustrated 1n FIGS. 4a—4b, the
one or more Intermediate flows are allowed to extend
radially outwardly from the point of impact 204, and the
inlet portions 220a, 220b, 220c of the fluid outlets are
arranged substantially uniformly along the perimeter 228 of
a circle enclosing the impact point 204. In this embodiment,
the fluid 1nlet 202 of the manifold extends into a base portion
226 of the supporting member comprising the manifold.
This base portion 1s configured with a plurality of interme-
diate channels 230a, 230b, 230c¢ for carrying the interme-
diate flows from the point of impact 204 to the 1nlet portions
220a, 2200, 220c¢ of the fluid outlets.

In yet another embodiment, intermediate channels are
avolded altogether, and the inlet portions 220a, 220b, 220c¢
of the output channels are configured to receive these
intermediate flows without the aid of intermediate channels.

As 1llustrated in FIGS. 5a—5b, 1t 1s also possible for a
diffuser 232 to be situated on the surface 222 of the manifold
such that the impact point 204 1s located on the outer surface
of the diffuser 232. This diffuser 232 serves to assist 1n the
generation of intermediate flows which are substantially
uniform upon reaching the inlet portions 220a, 2205, 220c¢
of the fluid outlets 218a, 2185H, 218c.

In one implementation, the velocity of the incoming first
flow at the point of impact 204 1s approximately zero.
Accordingly, in this implementation, the point of impact 204
may be referred to as a stagnation point.

FIG. 6 1s a flow diagram 1illustrating an embodiment of a
method of converting a first flow of a multiphase fluid to a
plurality of separate channeled flows, the first flow having a
direction.

The method begins with step 602, which comprises
impacting the first flow against a surface generally perpen-
dicular to the direction of the flow, thereby radiating the first
flow outwards from a point of 1mpact to form one or more
intermediate tlows.

Step 604 follows step 602. Step 604 comprises receiving,
at least a portion of the one or more intermediate flows at
inlet portions of a plurality of output channels to form the
plurality of separate channeled flows.
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In one embodiment of this method, the distance from the
point of 1mpact to the inlet portions of the output channels
impacts the uniformity of the intermediate flows at the inlet
portions of the output channels. In one configuration, this
distance 1s predetermined to provide substantially 1dentical
inlet pressures for each of the output channels. In one
implementation, the maximum inlet pressure variation
between any two of the output channels does not exceed
about two percent.

In a second configuration, the length of the output chan-
nels varies while the cross-sectional areas thereof are sub-

stantially constant.

In a third configuration, the flow rates through the output
channels are substantially equal. In one implementation, the
maximum flow rate variation between any two of the output
channels does not exceed about two percent.

In a fourth configuration, the angle of incidence between
the direction of the first flow and the surface i1s between
about 80 and 90 degrees.

In one application, the multiphase fluid comprises an
clectrolyte solution comprising metal particles. For
example, the solution may comprise potassium hydroxide
and the metal may comprise zinc. In one configuration, the
concentration of particles 1n the fluid 1n each of the output
channels 1s substantially equal.

The foregoing method, or any of the embodiments,
variants, or examples which have been discussed, may be
performed 1n a fuel cell subsystem, a fuel cell, an electro-
chemical power source, or an internal combustion engine.

EXAMPLE 1
Making of a Manitfold

A manifold can be constructed 1n accordance with the
mvention as follows. With reference to FIG. 24, a manifold
200 can be constructed to comprise an inlet 202 for a single
flow of a multiphase fluid (e.g., solid zinc particles in a KOH
liquid solution). The manifold is constructed so that the
single flow 1mpacts the base surface 204 of the mlet 202 at
a 90 degree angle to the flow at a point on the base surface
(e.g., the stagnation point), and can thus generate a plurality
of redirected flows moving radially outward from the stag-
nation point and perpendicular to the original single flow.
Two walls of the manifold, 206 and 208, capture only a
portion of the plurality of redirected flows and further guide
this portion across a predetermined distance from the stag-
nation point to the inlets of nine separate channels. In the
case of a manifold having 9 channels, each comprising a 3
mmx10 mm rectangular cross section, and a 1 mm spacing
between adjacent conduits, this predetermined distance can
be about one inch. Each of the separate channeled flows can
be then directed downstream from the associated channel
inlet and out of the manifold.

While various embodiments of the invention have been
described, 1t will be apparent to those of ordinary skill 1n the
art that many more embodiments and 1implementations are
possible that are within the scope of this mnvention.

What 1s claimed 1s:

1. Amethod of converting a first flow of a multiphase fluid
to a plurality of separate channeled flows, the first flow
having a direction, comprising;:

impacting the first flow against a surface generally per-

pendicular to the direction of the flow, thereby radiating
the first flow outwards from a point of 1mpact to form
one or more intermediate flows; and

receiving at least a portion of the one or more intermediate
flows at inlet portions of a plurality of output channels
to form the plurality of separate channeled flows.
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2. The method of claim 1 wherein the distance from the
point of 1mpact to inlet portions of the output channels 1s
predetermined to provide substantially identical inlet pres-
sures for each of the output channels.

3. The method of claim 1 wherein the length of the output
channels varies while the cross-sectional areas thereof are
substantially constant.

4. The method of claim 3 wherein the flow rates through
the output channels are substantially equal.

5. The method of claim 4 wherein the maximum flow rate
variation between any two of the output channels does not
exceed about two percent.

6. The method of claim 4 wherein the maximum 1nlet
pressure variation between any two of the output channels
does not exceed about two percent.

7. The method of claim 4 wherein the angle of incidence
between the direction of the first flow and the surface 1s
between about 80 and 90 degrees.

8. The method of claim 4 wherein the multiphase fluid
comprises an electrolyte solution comprising metal particles.

9. The method of claim 8 wherein the solution comprises
potassium hydroxide and the metal comprises zinc.

10. The method of claim 1 wherein the angle of incidence
between the flow and the surface 1s between about 80 and 90
degrees.

11. The method of claim 10 wherein the distance from the
point of 1mpact to inlet portions of the output channels 1s
predetermined to maintain a maximum inlet pressure varia-
tion between any two of the output channels which does not
exceed about two percent.

12. The method of claim 11 wherein the concentration of
particles 1 the fluid 1n each of the output channels 1s
substantially equal.

13. The method of any of claim 1, 4, or 12 performed 1n
a fuel cell subsystem.

14. The method of any of claim 1, 4, or 12 performed 1n
a fuel cell.

15. The method of any of claim 1, 4, or 12 performed 1n
an internal combustion engine.

16. The method of claim 1 wherein the pomnt of 1impact 1s
a stagnation point.

17. An apparatus for converting a first flow of a mul-
tiphase fluid mto a plurality of separate channeled tlows
comprising;

means for impacting the first flow against a surface

generally perpendicular to the direction of the flow,
thereby radiating the first flow outwards from a point of
impact to form one or more intermediate flows;

a plurality of output channel means; and

means for receiving at least a portion of the one or more
intermediate flows at inlet portions of the plurality of
output channel means to form the plurality of separate
channeled flows.
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18. The apparatus of claim 17 wheremn the separate
channeled flows are provided through output channels hav-
ing substantially the same 1nlet pressure.

19. The apparatus of claim 17 wherein the first flow has
a direction, and the surface 1s oriented substantially perpen-
dicularly to the direction of the first flow.

20. A manifold comprising the apparatus of any of claim

17, 18 or 19.
21. A manifold for converting a first flow of a multiphase

fluid to a plurality of separate channeled flows, the first flow
having a direction, comprising;:

a member supporting a surface, the surface oriented
substantially perpendicularly to the direction of the first
flow;

a fluid mlet for impacting the first flow against the surface,

wherein the first flow radiates outwardly from a point
of 1mpact to form one or more intermediate flows; and

a plurality of fluid outlets for receiving at inlet portions

thereof the one or more intermediate lows, and form-
ing the separate channeled flows.

22. The manifold of claim 21, wherein the distance
between the point of impact and the inlet portions of the fluid
outlets 1s predetermined such that the separate channeled
flows have substantially equal composition.

23. The manifold of claim 21, wherein the distance

between the point of impact and the inlet portions of the fluid
outlets 1s predetermined such that the separate channeled
flows have substantially equal velocity.

24. A tuel cell subsystem comprising at least one manifold
according to any one of claims 21, 22, and 23.

25. Atuel cell comprising at least one manifold according
to any one of claims 21, 22, and 23.

26. An mternal combustion engine comprising at least one
manifold according to any one of claims 21, 22, and 23.

27. The manifold of claim 21 wherein the supporting

member 1s an enclosure which includes an intermediate
channel for directing the one or more intermediate flows
from the point of 1impact to inlet portions of the fluid outlets.

28. The manifold of claim 27 wherein the intermediate
channel 1s a triangular shaped portion of the supporting
member for directing at least a portion of the one or more
intermediate flows to the inlet portions of the output chan-
nels.

29. The manifold of claim 28 wherein the triangular
shaped portion has a base, and the fluid outlets form rect-
angular conduits, each extending from the base of the
triangular shaped portion.

30. The manifold of claim 29 wherein the conduits form
a plurality of concentric 90 degree elbows.

31. The manifold of claim 21 wherein the point of 1impact
1s a stagnation point.

32. The manifold of claim 21 further comprising a diffuser
located on the surface for diffusing the first flow.
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